Physical forces in the form of substrate rigidity or geometrical constraints have been shown to alter gene expression profile and differentiation programs. However, the underlying mechanism of gene regulation by these mechanical cues is largely unknown. In this work, we use micropatterned substrates to alter cellular geometry (shape, aspect ratio, and size) and study the nuclear mechanotransduction to regulate gene expression. Genome-wide transcriptome analysis revealed cell geometry-dependent alterations in actin-related gene expression. Increase in cell size reinforced expression of matrix-related genes, whereas reduced cell-substrate contact resulted in up-regulation of genes involved in cellular homeostasis. We also show that large-scale changes in geneexpression profile mapped onto differential modulation of nuclear morphology, actomyosin contractility and histone acetylation. Interestingly, cytoplasmic-to-nuclear redistribution of histone deacetylase 3 modulated histone acetylation in an actomyosin-dependent manner. In addition, we show that geometric constraints altered the nuclear fraction of myocardin-related transcription factor. These fractions exhibited hindered diffusion time scale within the nucleus, correlated with enhanced serum-response element promoter activity. Furthermore, nuclear accumulation of myocardin-related transcription factor also modulated NF-κB activity. Taken together, our work provides modularity in switching gene-expression patterns by cell geometric constraints via actomyosin contractility.
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cell matrix interaction | substrate geometry | MRTF-A signaling | chromatin remodelling | transcription control C ells within the local tissue microenvironment acquire nonrandom geometrical organization by cell-matrix and cell-cell interaction. Cellular geometry has been shown to influence nuclear deformation, cytoskeleton reorganization, chromatin compaction, gene expression, growth, apoptosis, and cell division (1) (2) (3) (4) (5) (6) (7) . Other physical cues such as substrate stretching, fluid flow, substrate rigidity, and cellular topography have also been shown to alter cellular morphology, nuclear architecture, and gene expression (8) (9) (10) (11) . Regulation of gene expression requires posttranslational modifications of histone tails (12) , which alter higher-order chromatin assembly and, hence, the accessibility of gene-regulatory sites by transcriptional machinery (13) . In addition, cytoplasmic to nuclear shuttling of transcription factors (TFs) and cofactors are key signaling intermediates rendering specificity. Some of these factors include NF-κB, STAT, and myocardin-related transcription factor (MRTF-A) (14) (15) (16) . The transcription coactivator yes-associated protein (YAP)/transcription coactivator with PDZ binding domain (TAZ) and MRTF-A have been implicated in nuclear mechanotransduction (17) (18) (19) . In a recent study, alterations in cell shape were shown to influence mesenchymal stem cell differentiation (20) . However, the mechanisms underlying geometric control of gene expression by the modulation of cytoplasmic-to-nuclear redistribution of regulatory molecules are still unclear.
In this study, we probe the impact of cell geometry on mechanosensitive signaling cascades that resulted in altered geneexpression programs. NIH 3T3 fibroblast cells were cultured on microfabricated fibronectin patterns of varying shapes, aspect ratios (ARs), and sizes. Genome-wide microarray analysis revealed differential regulation of actin-related genes, majorly sensitive to cell size. Correlative changes in actomyosin contractility, nuclear morphology, and histone acetylation preceded these large scale changes in gene-expression profiles. These changes were regulated by cytoplasmic-to-nuclear redistribution of histone deacetylase 3 (HDAC3) and mobility of MRTF-A in an actomyosindependent manner. Consistent with this, higher serum-response element (SRE) reporter activity and negative regulation of NF-κB correlated with increased nuclear activity of MRTF-A.
Results
Cell Geometry Imposes Modular Changes in Gene Expression. NIH 3T3 cells were cultured on plastic substrates with fibronectin micropatterns. Micropatterns were either rectangular (ARs, 1:1 to 1:5), different shapes of equal area (1,800 μm 2 ), or the same shape with varying areas (500-2,000 μm 2 ) (Fig. S1A ). These sizes were smaller, comparable, or larger than the physiological spreading area of NIH 3T3 cells on fibronectin, which is ∼1,300 ± 30 μm 2 ( Fig. S1 B and C) . Fig. 1A shows cells cultured on fibronectin patterns of varying geometries and stained with phalloidin. To understand the relation between input signal in the form of cellular geometry and its output, measured by alterations in gene expression, whole genome transcriptome analysis using microarray was performed on cells grown on unpatterned or on different geometries (Fig. S2) . The 2D matrix in Fig. 1B shows a distinct separation in the number of differentially regulated genes depending on cellular geometry. A larger number of genes were differentially regulated (>250) between cells of different sizes compared with cells of different shape or of different AR of equal area (∼70-150). To obtain insight into the molecular consequences of these differentially expressed genes, geneontology (GO) groups were assigned to up-regulated and downregulated genes. GO analysis between cells plated on small circle compared with AR 1:5 of larger size (representing the polarized physiological cell shape) revealed genes involved in regulation of cell division, apoptosis, and programmed cell death (Fig. 1C) . Contrary to this, the main GO groups for the genes up-regulated in cells of AR 1:5 falls into the category of cell migration, cellsubstrate adhesion including actin-cytoskeleton. In contrast, comparison between small triangle with larger ones belong to regulation of gene expression, negative regulation of transcription, and chromatin DNA binding (Fig. 1D) . The main GO groups for the genes up-regulated in bigger sizes falls into the category of cell motility, cell motion, regulation of cell proliferation, differentiation and communication, and cell-substrate junction. In the next section, a direct comparison between gene expression based on cell size, shape, or AR is carried out to identify major classes of genes sensitive to transduction of geometric cues. ) and triangle and circle of equal area (1,800 μm 2 ), respectively. Comparison of gene-expression profile between cells of different sizes revealed that actin-related genes were significantly altered. These include actin cross linker-like actinin and genes involved in actin polymerization like RhoA and formin. MRTF-A is a nuclear to cytoplasmic-shuttling transcription cofactor that, along with serumresponse factor (SRF), has been shown to be involved in direct regulation of a large set of actin-related genes depending on actin dynamics (16, (21) (22) (23) . Consistent with this, MRTF-Aregulated genes such as Zyxin, Actin-γ3, and fibronectin were found to be differentially regulated based on cell size (Fig. 2D) . Even though cellular shape had less substantial impact on gene expression, the analysis of annotated promoter sequences of these differentially expressed genes also revealed binding sites for SRF (Fig. 2E ). In addition, promoter analysis revealed peroxisome proliferator-activated receptor (PPAR) α and hepatocyte nuclear factor-3 homolog (HFH) 1 binding sites were significantly enriched in genes differentially regulated in triangles compared with circles (Fig. 2E) . The significance was estimated by falsediscovery rate measurement performed on random selection of annotated genes from the genome (Fig. S3 and SI Materials and Methods). The list of genes regulated by the identified TFs is provided in Fig. S3 .
The differential changes in gene-expression patterns, with increase in cell size, were largely actin-related via the MRTF-A SRF pathway (shown in Fig. 2 ). Because the MRTF-A SRF pathway has been shown to be dependent on actomyosin contractility, subsequent experiments assessed the link between cell geometry, actomyosin contractility, histone acetylation, and gene expression.
Correlation Between Cell and Nuclear Size with Global Histone Acetylation. Cell geometry directly influences the nuclear height and projected nuclear area (N pa ), as characterized in Fig. S4 A-G. Cells cultured on larger patterns showed significantly higher nuclear volume compared with cells cultured on smaller patterns (Fig. 3C ). An insignificant change in nuclear volume was observed with change in cell shape (Fig. 3A) or AR (Fig. 3B ), in accordance with previous studies in endothelial cells (24) . Furthermore, with increase in cellular AR, an increase in nuclear AR and decrease in circularity was observed (Fig. S5A ). However, both of these parameters remained unchanged with changes in cellular shape or size ( Fig. S5 A and B) . Because cell geometry impinges on nuclear morphology, we next characterize whether these changes correlate with global changes in histone acetylation, a marker of decondensed chromatin assembly enabling access to gene-regulatory sites.
To directly probe the effect of cell geometry on histone acetylation, we measured the levels of histone H3 acetylated at lysine 9 (AcH3K9). With increase in cell area, an increase in AcH3K9 levels was observed (Fig. 3C ), concomitant with increase in nuclear volume. For a fixed cell area, the global acetylation levels were independent of cellular shape or AR where the nuclear volume remains constant ( Fig. 3 A and B) . Trichostatin-A (TSA) treatment hyperacetylates core histones by inhibiting HDACs, resulting in increased total histone acetylation levels (25) , and was used as a positive control. TSA-treated cells on larger triangular pattern showed an increase in AcH3K9 levels, which correlated with a significant nuclear volume increase (Fig. 3 D and E) . To ascertain the interdependence between nuclear volume and AcH3K9 levels, cells were treated with Cytochalasin (Cyto)-D, which has previously been showed to cause actin depolymerization and reduction in nuclear volume (26) . Cyto-D treatment of cells cultured on larger triangular pattern showed significant decrease in both nuclear volume and AcH3K9 levels (Fig. 3 D-F) . Apparent chromatin spatial density, a measure of average chromatin compaction ratio (27) , remained constant between cells of different shape of equal area ( Fig. S5 C and D) but decreases with an increase in cell area (Fig. S5E) . The above results suggest that cellular geometry regulates both nuclear volume and histone acetylation, which is largely sensitive to changes in cell size. We next assess the molecular intermediates that bring about changes in global histone acetylation levels.
Actomyosin Contractility Governs Histone Acetylation by Regulating
Spatial Redistribution of HDAC3. To probe the effect of cell geometry in modulating histone acetylation levels, we analyzed HDAC3 (class I histone deacetylase majorly involved in altering chromatin structure), which has both histone-and nonhistonebinding substrates (28, 29) . As shown in Fig. 4 A and B, cells transfected with HDAC3-EGFP showed marked reduction in the levels of AcH3K9. Intensity-line profile of two cells, one transfected with HDAC3-EGFP and other nontransfected, clearly shows the difference in the AcH3K9 levels between them. In accordance with previous studies, TNF-α treatment, which degrades IκB-α complex (30) , resulted in significant nuclear translocation of HDAC3 (Fig. S6B) . These kinetics follow sigmoidal dynamics with a time constant of 49 ± 24 min (Fig. S6C) . Interestingly, perturbation of actomyosin contractility resulted in cytoplasmicto-nuclear redistribution of HDAC3 in cells. Treatment with 10 μM Blebbistatin resulted in nuclear translocation of HDAC3-EGFP with a time constant of 57 ± 14 min (Fig. 4C and Fig.  S6A ). Increased Blebbistatin concentration (25 μM) showed a smaller time constant of 36 ± 16 min (Fig. S6D) , suggesting myosin-dependent HDAC3 nuclear transport. Contrary to this, cells transfected with CMV-EGFP plasmid did not show changes in cytoplasmic-to-nuclear redistribution of EGFP upon Blebbistatin treatment (Fig. S6 E and F) . A similar trend of HDAC3-EGFP nuclear translocation was observed upon actin depolymerization using Cyto-D or Latrunculin (Lat)-A with time constants of 49 ± 14 and 27 ± 8 min, respectively ( Fig. 4C and Fig. S6A ). Fig. 4D and Fig. S6G show statistics of nuclear accumulation of HDAC3 upon treatment with inhibitors against actomyosin contractility and its negative correlation with AcH3K9 levels (r = −0.98) (Fig. 4E) . However, microtubule depolymerization upon nocodazole treatment did not show changes in cellular redistribution of HDAC3.
Because alterations in actomyosin contractility impinge on cytoplasmic-to-nuclear redistribution of HDAC3, we further characterize changes in levels of global histone acetylation levels with different pharmacological agents against actomyosin contractility. Perturbation of myosin-II activity by Blebbistatin (Fig. 4F and Fig. S7E ) resulted in significant decrease in AcH3K9 levels (Fig. 4G) . Similarly, inhibition of rho-associated protein kinase II (ROCK II), a regulator of actomyosin contractility, by Y-27632 (Fig. 4F and Fig. S7E ) showed a decrease of 17 ± 3% in AcH3K9 levels (Fig. 4G) . These experiments revealed that HDAC3 nuclear levels were regulated by actomyosin contractility determining global histone acetylation. We next investigate the influence of cell geometry on the coupling between actomyosin contractility and HDAC3 nuclear levels.
Modulation of Actomyosin Contractility and HDAC3 Levels by Cell
Geometry. Cells were cultured for 3 h, fixed, and stained for filamentous actin (F-actin) and phosphorylated myosin light chain (p-MLC), a well-established marker for active myosin-II motors and for cytoskeletal stiffness (31) . Actin stress fibers were differentially organized depending upon the geometry of the underlying adhesive substrate (explained in Fig. S7 A and B) . Actomyosin complex activity was further characterized by Data is given as mean ± SE with 50 < n < 100. (Scale bar: 10 μm.) *P < 0.05; **P < 0.01; ***P < 0.001.
quantifying total levels of F-actin and p-MLC using immunofluorescence measurement (32) . Levels of F-Actin and p-MLC increased proportionately with increase in cell area. As shown in Fig. 5A and Fig. S7D , cells with larger area showed more than twofold increase in levels of F-actin and p-MLC compared with cells of smaller area. In addition, triangular cells were found to have higher levels of polymerized actin and p-MLC compared with circular cells (Fig. 5C ). With an increase in cellular AR from 1:1 to 1:5, the actin stress fibers were aligned more with respect to the long axis of the cells (Fig. S8C ). This change in the organization of stress fibers in elongated cells was also accompanied with change in total amount of polymerized actin and p-MLC (Fig. 5D) . Concomitant with increased actomyosin contractility with cell size, the nuclear levels of HDAC3 was found to be lower in cells of larger area compared with smaller ones (Fig. 5 E and  F) , resulting in decondensed chromatin. Increase in cell size resulted in larger N pa accompanied with higher F-actin and p-MLC levels in primary mouse embryonic fibroblasts (PMEFs), confirming the generality of observed changes in NIH 3T3 cells (Fig. S7 F-H) .
Because cell size was a major regulator of actomyosin contractility and chromatin condensation, we next investigate its dependence on the mobility of actin-related transcription cofactor MRTF-A in the nucleus. Fluorescence correlation spectroscopy (FCS) experiments were carried out on triangular cells of smaller and larger area. From the intensity fluctuations, autocorrelation curves were plotted and were fit to one component 3D anomalousdiffusion model. Fig. 5G (Inset) shows typical autocorrelation curves for MRTF-A inside nucleus of cells of smaller and larger area. The average correlation time scale (τ) was 402 ± 12 and 816 ± 23 μs for cells of smaller and larger area, respectively (Fig.  5G, Inset) . A histogram of time scale shows a significantly large shift (P < 0.0001) in the overall distribution of τ as cell size increases (Fig. 5G) . Increased correlation time scales for MRTF-A in cells of larger size possibly suggests enhanced chromatin interaction to access regulatory sites. To ensure that the measured correlation time scales were functionally relevant, FCS experiments were carried out in transcriptionally quiescent (serumstarved cells) and active (serum-induced) cells transfected with MRTF-A-EGFP (Fig. S8C, Inset) . Serum-starved cells exhibited τ = 499 ± 13 μs, whereas serum induction for ∼60 min resulted in τ = 664 ± 20 μs (Fig. S8 C and D) , suggesting the sensitivity of MRTF-A dynamics to the functional state of chromatin. (EGFP control and further details are provided in SI Materials and Methods.) We also extended the analysis by fitting the FCS autocorrelation curves using two time scales; the first time scale was attributed to free diffusion, whereas the second was related to the interaction of MRTF-A with chromatin. As can be seen in Fig. S8F , the first time scale was determined to be 215 ± 5 μs and was fixed for further analysis. The second time scale was found to be around 6,749 ± 184 μs in the nucleus of cells of smaller area. In contrast, when the cell size increases, the second time scale changed significantly to 7,748 ± 147 μs. The second time scales for serum-starved cells and serum-induced cells were found to be 8,303 ± 183 μs and 9,574 ± 192 μs, respectively (Fig. S8G) . Hence the differences in MRTF-A dynamics were statistically significant under the two conditions, either with serum withdrawal or with geometric constraints (a detailed analysis is provided in Fig. S8 D-H) . In the next section, we study the effect of MRTF-A nuclear localization, modulated by cell geometry, on its transcriptional activity using reporter assays.
Reporter Assays Reveal Geometry-Dependent Transcriptional Activity.
The transcriptional activity of MRTF-A between cells of different geometry using SRE reporter assay was characterized. Quantification of the levels of SRE-EGFP reporter expression between triangular and circular cells (Fig. 6 A and B) showed that the total activity of SRE-EGFP reporter was significantly higher in triangular cells. The corresponding intensity histograms for the above reporters are shown in Fig. S9 A and B . Similarly, cells of AR 1:5 and cells of larger area showed higher MRTF-A activity and transcriptionally more active SRE-EGFP reporter compared with cells of AR 1:1 and cells of smaller area, respectively ( Fig. 6B and Fig. S9 C-F) .
Because MRTF-A is directly involved in transcription of actin, F-actin and G-actin were stained in the same cell and their combined expression levels were quantified. Fig. 6C shows total levels of actin to be higher in triangular cells compared with circular cells, consistent with microarray analysis and higher SRE-EGFP activity in triangular cells. In addition, RT-PCR analysis revealed higher levels of Acta-1 mRNA expression (Fig. 6C, Inset) . Because total actin synthesis was higher in triangular cells, we next examined the correlation between total actin and nuclear MRTF-A in triangular and circular cells. Quantification of total actin content and nuclear MRTF-A showed increased nuclear localization of MRTF-A and correlated higher total actin expression. As shown in Fig. 6 D and E, the linear fitted plot between total actin and nuclear MRTF-A showed a significant difference in the normalized slope value for circular (1 ± 0.5) and triangular (3.4 ± 1.2) cells. A similar correlation was obtained between total actin and MRTF-A for cells of different ARs. Total actin was found to be higher in cells of AR 1:5 compared with cells of AR 1:1 (Fig. S9G) . For all of the geometries, the total MRTF-A levels remained same (Fig. S10 A and B) . Myocardin has recently been shown to inhibit cell proliferation (33) . Therefore, cell-proliferation experiments were carried out to confirm the differential activity of MRTF-A in patterned cells by BrdU incorporation. The percentage of BrdU-positive cells was higher in circular geometries compared with triangular cells (Fig. S10C) , consistent with MRTF-A activity data.
Consistent with the fact that myocardin negatively regulates the activity of protein p65, a NF-κB TF subunit (33), the nuclearto-cytoplasmic (N/C) ratio of p65 was found to be significantly higher in circular cells compared with triangular cells (Fig. 6 F Data is given as mean ± SE with 50 < n < 500. (Scale bar: 10 μm.) *P < 0.05; **P < 0.01; ***P < 0.001. and G), suggesting higher NF-κB activity in circular cells. Similarly, the N/C ratio of p65 was found to be significantly higher in cells of AR 1:1 compared with cells of AR 1:5 ( Fig. S10 D and  E) . On all of the geometries, the total p65 levels remained the same (Fig. S10F) . Next, to ascertain the antagonistic regulation between MRTF-A and NF-κB, cells transfected with either NF-κB reporter plasmid or SRE reporter plasmid were treated with Lat-A, which sequesters MRTF-A in the cytoplasm (14) . Lat-A-treated SRE-EGFP-transfected cells showed a marked reduction in SRE activity and, hence, activity of MRTF-A (Fig. 6 H and I) . Contrary to this, cells transfected with NF-κB reporter plasmid showed a significant increase in the EGFP intensity and, hence, the NF-κB activity upon Lat-A treatment (Fig. 6 H and I) . As a control, cells transfected with CMV-EGFP reporter plasmid did not show changes in EGFP intensity upon treatment with Lat-A. Similar trends were observed upon Blebbistatin treatment. As shown in Fig. 6 H and J, Blebbistatin treatment markedly reduces SRE reporter activity, whereas NF-κB reporter activity increases significantly consistent with antagonistic relation between MRTF-A and NF-κB (33) .
Schematic for Cell Geometry-Regulated Gene Expression. Based on our observations, we propose a schematic model as shown in Fig. 7 . Our data suggest that cell geometry modulate (i) actomyosin contractility and (ii) actin polymerization. Reduction in actomyosin contractility resulted in nuclear localization of HDAC3 and increase in chromatin compaction. In contrast, decreased actin polymerization caused increased sequestration of MRTF-A in the cytoplasm. Cytoplasmic localization of HDAC3 leads to increased global histone acetylation and enhanced SRE promoter activity regulated by MRTF-A. We propose that these global changes in chromatin decompaction via HDAC3 redistribution and local changes in promoter activity by respective TFs impinge on cell geometric control of gene-expression programs.
Discussion
In this work, we make use of micropatterning to generate fibronectin-coated substrates of varying geometry, which provide quantitative control over shape, size, or AR of the cells. A tight coupling between cell geometry, nuclear morphology, histone acetylation, and gene expression mediated by actomyosin contractility was observed. Transcriptome analysis of patterned cells revealed functional gene clusters; switching between cell-matrix attachments genes for larger area compared with cellular homeostatic genes for smaller area. We characterized a mechanism of changes in chromatin compaction by actomyosin contractility via spatial redistribution of HDAC3. In addition, we show that differential actin dynamics regulate the cytoplasmic to nuclear transport of transcription cofactors to bring about geometrydependent changes in gene expression. Furthermore, geometric constraints exhibited the differential regulation of TF (MRTF-A and NF-κB) activity.
Maintenance of nuclear architecture and mechanosignaling is essential for many cellular processes like transcription, protein synthesis, and cell division (34) (35) (36) (37) . By varying geometry of the cells, we observed changes in morphological properties of the nucleus including volume, area, height, AR, and circularity (2, 24, 38) . This suggests that geometric cues get translated into long-range physical forces to alter nuclear morphology. For example, triangular cells showed 25 ± 5% higher N pa compared with circular cells. Because the nuclear volume was found to be invariant among cells of different shape and the strain along the two principal axes was equal, we considered the nucleus to be an ellipsoid with Young's modulus of the order of 5 KPa (1) and estimated the force required to change N pa by 25 ± 5% to be ∼10-15 nN. Simultaneously, a strong correlation was observed between nuclear volume and histone acetylation levels, suggesting that changes in nuclear morphology might enhance accessibility to transcriptional machinery and hence regulate total levels of transcription (39) (40) (41) . We also show that the degree of actin polymerization and actomyosin contractility depends on cell geometry, consistent with a previous report that suggests that distribution of stress fibers was sensitive to geometry of underlying substrate (3) . Immunofluorescence analysis of circular and triangular cells showed higher levels of p-MLC and polymerized actin in triangular cells, suggesting that geometric constraints might alter Rho and ROCK-signaling pathway because Rho activity stimulates contractile stress-fiber formation (42) . Furthermore, changes in actomyosin activity directly impinge on Alteration in corresponding reporter activity before and after treatment with Blebbistatin. Data is given as mean ± SE with 50 < n < 500. (Scale bar: 10 μm.) *P < 0.05; **P < 0.01; ***P < 0.001. redistribution of HDAC3, a histone deacetylase largely responsible for chromatin compaction in the cell. Perturbation of actomyosin contractility results in nuclear accumulation of HDAC3. A possible mechanism for such regulation can be explained by the fact that HDAC3 is sequestered in the cytoplasm by IκB-α (30) . We propose that inhibiting actomyosin contractility degrades IκB-α, which, in turn, releases HDAC3, resulting in its translocation in the nucleus. Consistent with this, addition of TNF-α, which degrades IκB-α (30), resulted in nuclear accumulation of HDAC3 (Fig. S6C) .
To monitor the effect of cellular geometry on gene-expression profile, we performed whole-transcriptome analysis among cells of different geometries. Large-scale variations in the number of genes were observed within few hours of cell plating, suggesting differential activation of genes and changes in transcriptional controls. Transcriptome analysis revealed functional clusters of genes based on cell geometry; in particular, increasing the size of the substrate attachment exhibited functional clustering of genes related to cell behavior, whereas reduction in cell size resulted in functional clustering of genes related to DNA processing. Furthermore, stringent analysis of transcriptome between triangular and circular cells revealed induction of mechanosensitive genes. Promoter analysis of these differentially expressed genes showed that SRF had more promoter binding sites in triangular cells. SRF is a TF localized in the nucleus and when complexed with MRTF-A regulates actin-related genes (43) . Multicolor immunofluorescence analysis of MRTF-A, F-actin, and G-actin suggested that the nuclear localization of MRTF-A correlates with actin expression in cells of different geometries. Consistent with higher MRTF-A activity in triangular cells or in AR 1:5, the SRE reporter was found to be transcriptionally more active in these geometries. Interestingly, geometric constraints revealed the coupling between spatial localization of MRTF-A and its antagonistic effect on NF-κB activity, suggesting the intersection of canonical signaling pathways regulating gene expression. In summary, we provide a mechanistic insight to the impact of cellular geometry on nuclear mechanotransduction and transcription control. Such modular mechanisms may underlie geometric control of cellular differentiation and developmental programs.
Materials and Methods
Details regarding NIH 3T3 and PMEFs cultured on fibronectin-coated micropatterns, culture conditions with various reagents used, and the confocal imaging and analysis are provided in SI Materials and Methods. The details on microarray sample preparation, gene expression profiling and clustering, and transcription factor binding analysis is also provided in SI Materials and Methods.
